Deletion or duplication of the human chromosome 22q11.2 is associated with many behavioral traits and neuropsychiatric disorders, including autism spectrum disorders and schizophrenia. However, why phenotypes vary widely among individuals with identical deletions or duplications of 22q11.2 and which specific 22q11.2 genes contribute to these phenotypes are still poorly understood. Previous studies have identified a 200 kb 22q11.2 region that contributes to behavioral phenotypes in mice. We tested the role of Septin 5 (Sept5), a gene encoded in the 200 kb region, in affective behaviors, cognitive capacities and motor activity. To evaluate the impact of genetic backgrounds on behavioral phenotypes of Sept5 deficiency, we used mice on two genetic backgrounds. Our data show that Sept5 deficiency decreased affiliative active social interaction, but this phenotypic expression was influenced by genetic backgrounds. In contrast, Sept5 deficiency decreased anxiety-related behavior, increased prepulse inhibition and delayed acquisition of rewarded goal approach, independent of genetic background. These data suggest that Sept5 deficiency exerts pleiotropic effects on a select set of affective behaviors and cognitive processes and that genetic backgrounds could provide an epistatic influence on phenotypic expression.
INTRODUCTION
The role of constitutive genetic composition in shaping behavior is one of the fundamental issues of understanding individual variations in behavior. Twin studies have amply suggested a robust genetic influence on various behavioral traits and neuropsychiatric disorders in humans. Chromosomal duplications and deletions provide a unique opportunity to further narrow down the chromosomal regions and genes underlying behavioral variations.
Children and adolescents with hemizygosity of a 1.5 or 3 Mb region of chromosome 22q11.2 exhibit altered neuropsychological function, including social interaction deficits, impulsivity, heightened anxiety, a prepulse inhibition (PPI) deficit, cognitive and intellectual impairments and delayed motor development (1) (2) (3) (4) (5) (6) . Individuals with duplications of this same chromosomal region variably exhibit some of these behavioral variations (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) . Moreover, defective social thinking, high levels of anxiety and impaired cognitive processing permeate to adulthood (22) and are premorbid, comorbid or even symptomatic elements of schizophrenia and autism spectrum disorders seen at high rates in individuals with 22q11.2 deletions (5,23 -30) .
Although 22q11.2 likely contains a gene or genes that contribute to a wide range of behavioral phenotypes, identification of specific single 22q11.2 genes remains a formidable task. Because large segments are affected in 22q11.2 deletions and duplications cases, it is not feasible to ascertain the impact of the hemizygosity of individual genes on various phenotypes in humans. Genetically engineered mice have been used to † The authors wish it to be known that, in their opinion, the first three authors should be regarded as joint First Authors. 1652-1660 doi:10.1093/hmg/ddp086 Advance Access published on February 24, 2009 identify small chromosomal segments and individual genes that might contribute to behavioral variations. We previously identified a 200 kb human chromosomal segment whose overexpression results in behavioral sensitization in mice; sensitization was blocked by chronic treatment with the antipsychotic drug clozapine (31) . Subsequently, it was shown that larger, partly overlapping deletions in the mouse synteny chromosome 16 caused a PPI deficit when part of the deletions encompassed this 200 kb region in mice (32, 33) .
Sept5, a septin family member formerly called cell division control related protein 1 (CDCrel), is encoded in the 200 kb region and is abundantly expressed in the developing and adult brains of mice and humans (34 -36) . Although its constitutive deletion does not cause detectible structural or developmental abnormalities in the mouse brain (36) , Sept5 has been implicated in subtle neuronal and behavioral functions. Sept5 is expressed in presynaptic terminals (35) and exerts negative regulatory control over neurotransmitter release by binding to SNARE-protein (37, 38) , which has been implicated in neuropsychiatric disorders (39) . Moreover, environmental manipulations affect protein levels of this gene; social isolation reduces Sept5 protein levels in the rat striatum (40) .
It remains unclear why identical 22q11.2 deletions are associated with a wide range of behavioral phenotypes. As one hypothetical extreme, one of the 22q11.2 genes could cause all behavioral phenotypes. Another extreme possibility is that many 22q11.2 genes could contribute to wide-ranging behavioral phenotypes. Each one of multiple genes could contribute to a single phenotype or multiple phenotypes (i.e. pleiotropy). To delineate the extent to which Sept5 deficiency influences behaviors, we tested Sept5 knockout (KO), heterozygous (HT) and wild-type (WT) mice in a battery of behavioral assays that evaluate affective behaviors (social interaction, elevated plus maze, thigmotaxis, tail suspension and startle), cognitive functions (PPI, rewarded approach, spontaneous alternation and rewarded alternation) and a motor function (spontaneous locomotor activity). Moreover, individuals with identical 22q11.2 deletions exhibit highly variable phenotypes. It is generally assumed that an individual's genetic background contributes to these variations, but this assumption has not been demonstrated experimentally to be the case. We examined how non-identical genetic backgrounds impact the phenotypes of Sept5 deficiency. Our data show that Sept5 deficiency results in a select set of behavioral phenotypes and that genetic background could alter some phenotypes in mice.
RESULTS
We used two lines of mice with non-identical genetic backgrounds (see Materials and Methods, Mice). One line had a mixed genetic background, referred to as M mice. A second mouse line was created by backcrossing M HT mice to 129X1/SvJ mice, here referred to as 129 enriched (129E) mice.
Social interaction
The Sept5 genotype (i.e. KO, HT and their two WT pair groups) affected active social interaction (F 3,94 = 13.96, P , 0.01) and the genotype effect had a significant interaction with genetic backgrounds (F 3,94 = 3.05, P , 0.05) (Fig. 1A) . NewmanKeuls comparisons confirmed that M KO mice exhibited lower levels of active social interaction than M WT mice, but this effect failed to reach significance in 129E mice. 129E mice generally exhibited higher levels of active social interaction than M mice (F 1,94 = 199.94, P , 0.01). Under our experimental condition, mice showed low, almost negligible levels of passive social interaction (Fig. 1B) . Although M mice had higher levels of passive social interaction than 129E mice (F 1,94 ¼ 4.18, P , 0.05), the four genotype groups did not differ (F 3,94 ¼ 1.61, n.s.), even when genetic background was taken into account (F 3,94 ¼ 0.47, n.s.).
To further explore the nature of defective active social interaction in M KO mice, we divided active social interaction into aggressive behaviors and non-aggressive, affiliative social behaviors. Because our experimental condition was designed to optimally evaluate non-aggressive, affiliative social interaction, it was much more common than sporadic and negligible aggressive behaviors (F 1,30 ¼37.55, P , 0.01; data not shown). M WT mice showed significantly more affiliative active social interaction than M KO mice (F 1,30 ¼ 10.22, P , 0.01, data not shown), but the two groups did not differ in the amount of aggressive behaviors (F 1,30 ¼ 2.74, n.s., data not shown).
Olfactory investigation was the predominant affiliative active social interaction in M WT and M KO mice. However, a deficit in affiliative active social interaction seen in M KO mice does not seem to reflect a generalized deficit in olfactory sensing, as M WT and M KO mice did not differ in avoidance of a compartment containing a non-social olfactory stimulus (2-methylbutyric acid, 1.7 Â 10 24 mol) [t(10) ¼ 0.23, n.s., data not shown].
Elevated plus maze
In the elevated plus maze, Sept5 deficient mice spent more time in normally avoided open arms than WT littermates (F 2,121 ¼ 3.32, P , 0.05), regardless of genetic background (GenotypeÂGenetic background interaction, F 2,121 ¼ 0.13, n.s.) ( Fig. 2A) 
Tail suspension
When rodents are held upside-down by the tail, they exhibit mobility in an apparent attempt to escape from the situation. This behavior, or its absence (i.e. immobility), is thought to reflect a basal affective state and a stress response (41) . Immobility was not affected by genotype (F 2,158 ¼ 1.04, n.s.), genetic background (F 1,158 ¼v3.39, n.s.) or interaction between genetic background and genotype (F 2,158 ¼ 2.23, n.s.) (Fig. 2C ).
Startle
A startle response was examined against pulses ranging from 75 to 120 dB. Mice exhibited a startle response at high stimulus levels (F 9,1215 ¼ 156.12, P , 0.01) (Fig. 3A) . Although the intensity of startle was not affected by genotype (F 2,135 ¼ 0.02, n.s.) or by interaction between genotype and genetic background (F 2,135 ¼ 1.72, n.s.), M mice showed basally higher startle responses than 129E mice at high pulse levels (genetic background, F 1,135 ¼ 30.77, P , 0.01; pulseÂ genetic background, F 9,1215 ¼ 29.28, P , 0.01).
Prepulse inhibition
In rodents and humans, a startle response evoked by a loud sound is reduced by the presentation of a preceding non-startle stimulus, a process termed PPI. PPI increased as the prepulse intensity was increased (F 3,405 ¼ 51.53, P , 0.01) (Fig. 3B ). KO mice showed higher levels of PPI than WT or HT mice (F 2,135 ¼ 4.27, P , 0.05). Higher levels of basal PPI were found in M mice than in 129E mice (F 1,135 ¼ 8.78, P , 0.01). M mice showed a higher rate of PPI increase across prepulse levels than did 129E mice (F 3,405 ¼ 2.64, P , 0.05).
Rewarded approach
When mice were trained to run on an L-maze to reach a food-baited goal compartment, they gradually learned to Because the three-way interaction was significant (F 10,4310 ¼ 2.50, P , 0.01), we applied exploratory two-way analysis of variances (ANOVAs) to the two genetic backgrounds separately. In M mice, Sept5 deficiency delayed, in a gene-dose dependent manner, acquisition of this behavior evenly across sessions (Genotype, F 2,405 ¼ 6.26, P , 0.01; genotypeÂ session, F 10,2025 ¼ 1.73, n.s.). In contrast, Sept5 deficiency in 129E mice delayed and facilitated this behavior in KO mice and HT mice, respectively, at early sessions only (genotype, F 2,457 ¼ 1.22, n.s.; genotypeÂsession, F 10,2285 ¼ 3.64, P , 0.01).
Spontaneous alternation
In a T-maze, mice have a tendency to visit an unvisited arm rather than a previously visited arm. This phenomenon or spontaneous alternation reflects the flexibility of an animal to alternate their behavior based on the memory of a previously visited arm. Spontaneous alternation was not influenced by genetic background (F 1,141 ¼ 0.01, n.s.), genotype (F 2,141 ¼ 1.04, n.s.) or interaction (F 2,141 ¼ 2.25, n.s.) (Fig. 4B) .
Rewarded alternation
When mice are rewarded in one of the two goal arms of the T-maze, their tendency to subsequently alternate behavior is enhanced. This reward-based memory or rewarded alternation is an objective measure to evaluate how a reward experience subsequently influences spontaneous alternation (Fig. 4C) . Sept5 deficiency had no effect on rewarded alternation by itself (F 2,93 ¼ 0.07, n.s.), with genetic background (F 2,93 ¼ 2.09, n.s.) or with genetic background and session (F 8,372 ¼ 1.22, n.s.). 129E mice exhibited higher levels of rewarded alternation than M mice (F 1,93 ¼ 8.47, P , 0.01).
Spontaneous motor activity
Many of the affective and cognitive behaviors could be confounded by altered basal levels of motor activity. We examined spontaneous locomotor activity in an inescapable open field. Mice exhibited a normal rate of habituation regardless of genetic background (time interval, F 5,590 ¼ 113.87, P , 0.01; genetic backgroundÂtime interval, F 5,590 ¼ 1.78, n.s.) (Fig. 5 ). Sept5 deficiency had no effect on motor activity at any time point, regardless of genetic background (genotype, F 2,118 ¼ 1.83, n.s; genotypeÂgenetic background, F 2,118 ¼ 1.33, n.s.; genotypeÂtime interval, F 10,590 ¼ 0.36, n.s.; genotypeÂgenetic backgroundÂtime interval, F 10,590 ¼ 1.11, n.s.). Overall, M mice exhibited higher levels of basal motor activity than 129E mice (genetic background, F 1,118 ¼ 20.53, P , 0.01).
DISCUSSION
Our observations demonstrate several ways Sept5 deficiency influences behavior in mice. First, Sept5 KO mice exhibited a deficit in affiliative active social interaction, but this phenotype depended on the genetic background. Secondly, Sept5 deficiency, regardless of genetic background, decreased an anxiety-related behavior on the elevated plus maze, potentiated PPI and delayed acquisition of rewarded approach. Thirdly, Sept5 deficiency caused no apparent phenotype in thigmotaxis, tail suspension, startle response, spontaneous and rewarded alternation or spontaneous motor activity.
Consistent with the hypothesis that genetic backgrounds could provide an epistatic influence on the phenotypic expression of 22q11.2 deletion, even one generation of shift in genetic background toward 129X1/SvJ masked social interaction deficits in Sept5 deficient mice. This result suggests that genetic background is one of the reasons why identical 22q11.2 deletions cause highly variable phenotypes. In contrast, this level of shift in the genetic background did not affect phenotypes in an anxiety-related behavior in the elevated plus maze, PPI or rewarded approach. It should be noted that these phenotypes still could be affected by alleles that are not present in these two lines of mice. It is estimated that the flanking loci of Sept5 contain alleles originating from 129X1/SvJ and 129S1 in M KO mice and alleles from CD1 in M WT mice. If 129X1/SvJ and 129S1 alleles reduced social interaction in M KO mice, 129E mice, regardless of genotype, would have exhibited social interaction at or below levels of M KO mice. Because 129E mice showed basally higher levels of active social interaction than M mice, our finding is inconsistent with the possibility that lower levels of active social interaction in M KO mice, compared with M WT mice, was caused by alleles in the genetic backgrounds of 129X1/SvJ and 129S1. Nevertheless, currently available breeding strategies, including congenic and other post hoc breeding strategies, do not unequivocally differentiate between the impact of a constitutionally deleted gene and the modifying effect of alleles in the genetic background on a phenotype (42, 43) . Our data should be interpreted as indicating how a phenotype manifests itself under two nonidentical genetic backgrounds in which Sept5 deficiency is embedded.
A previous study reported that Sept5 HT mice were normal in PPI in non-congenic Sept5 HT mice (32) . Our data are consistent with this report; both M and 129E Sept5 HT mice showed normal PPI. We extended this observation by demonstrating that homozygous (i.e. KO) mice exhibited an increased PPI. Because an increase in PPI is achieved by antipsychotic drugs (44) and a PPI defect is associated with the genetic susceptibility to many neuropsychiatric disorders (45) , the molecular cascades of Sept5 could be exploited to understand the mechanisms of PPI in relation to neuropsychiatric disorders. Such an understanding could guide the development of effective therapies.
In translating phenotypes in mice to humans, our findings raise several important issues. The increased PPI and decreased anxiety-related behavior in the elevated plus maze in Sept5 deficient mice are a sharp contrast to a lower level of PPI and higher levels of anxiety in individuals with 22q11.2 deletions (5,6,26,46). Our finding suggests that individual 22q11.2 genes could exaggerate or attenuate PPI and anxiety-related behaviors, but the final phenotypic expression is determined by summation and/or complex interactions among these intermediate phenotypic elements. Deletions of other 22q11.2 genes are likely to reduce PPI and increase anxiety-related behaviors to the extent that they override the opposing effects of Sept5 deficiency on these behaviors. For example, deletion of Tbx1, another gene encoded in the 200 kb region, has been reported to reduce PPI in mice (32), although another report did not find such a deficit (33) . Homozygosity and heterozygosity of catechol-O-methyl transferase (Comt), another 22q11.2 gene, are associated with heightened levels of anxiety-related behaviors in mice (47, 48) . A future challenge is to characterize the precise ways various 22q11.2 genes individually and collectively affect behaviors.
Although some of the tasks used in this study are thought to commonly reflect certain behavioral traits, Sept5 deficiency did not equally affect behaviors in these tasks. Sept5 heterozygosity reduced avoidance of open arms on the elevated plus maze, but Sept5 deficiency had no effect on thigmotaxis in an inescapable open field or a startle response evoked by a loud sound, although these three tasks are thought to measure anxiety-and fear-related behaviors. It might be premature to assume that 'anxiety' can be modeled as a singular process in multiple behavioral tasks, because each of these tasks is thought to contain many distinct components, each having a distinct genetic basis (49) . Similarly, Sept5 KO mice were impaired in one type of memory task (i.e. rewarded approach) but not others (i.e. spontaneous alternation and rewarded alternation). In the rewarded approach task, mice run from the start compartment to the only baited, open arm during six trials per day for 6 days. The right or left arm was pseudorandomly chosen as the only open goal arm by the experimenter and the same arm was not chosen as the goal more than twice in a row. Thus, the memory of a visited arm on the previous trial provides no information for the next trial. Unlike spontaneous and rewarded alternation, what is acquired in this task is to ignore or suppress the memory of where the goal arm was located on a previous trial and reach the goal faster. Sept5 might selectively contribute to this type of memory.
Our KO mice, but not HT mice, were impaired in affiliative social interaction and rewarded approach. Although individuals with 22q11.2 deletions show social interaction deficits and cognitive impairments, they are afflicted with 22q11.2 hemizygosity, not homozygosity. However, caution is needed in equating heterozygosity in mice to hemizygosity in humans. First, it is not known whether a gene-dose manifests itself similarly in mice and humans. Secondly, if individuals with 22q11.2 hemizygosity carry low-activity alleles in the remaining copy of SEPT5, such conditions could be functionally closer to homozygosity than heterozygosity. Consistent with such a possibility, a low-activity allele of COMT on the remaining 22q11.2 copy worsens phenotypic expression in cognition and neuropsychiatric disorders in human 22q11.2 hemizygous cases (50 -52) .
Sept5 deficiency exerted pleiotropic effects on multiple behavioral phenotypes, and phenotypic expression of affiliative active social interaction was altered by genetic background. Together with the observations that Sept5 deficiency does not cause defects in heart or neuronal development in mice (36, 53) , our findings suggest a polygenic origin of the diverse physical and behavioral phenotypes seen in individuals with 22q11.2 deletions. Our findings provide a glimpse of the extraordinarily complex ways multiple 22q11.2 genes affect the symptomatology of individuals with 22q11.2 haploinsufficiency.
MATERIALS AND METHODS

Mice
Male Sept5 KO, HT and WT littermates were tested, unless otherwise specified. Mice were maintained in a group of up to five in a cage. Mice were given access to food and water ad libitum, unless otherwise specified. The Sept5 KO mouse was originally developed using R1 embryonic stem (ES) cells and bred with CD1 mice (36) , designated here as a mixed genetic background mouse or M mice. The R1 mouse ES cell line is a hybrid that contains genetic backgrounds of 129X1/SvJ mice and 129S1/Sv-p þ Tyr þ Kitl SI-J /þ (i.e. 129S1) (54) . We used 129X1/SvJ mice for backcrossing of M HT mice, because (i) the allelic composition of the R1 ES cell line is closer to that of 129X1/SvJ mice than to 129S1 mice (55), (ii) CD1 mice are outbred and could introduce more stochastic allelic variations and (iii) the flanking regions of a deleted gene can be made homogenous between WT and KO mice more readily by backcrossing to the strain from which ES cells are derived (42, 43) . M HT mice were backcrossed to 129X1/SvJ mice for one generation. The resulting HT offspring were inbred to generate an F2 generation, here referred to as 129E mice. The genotype of mice was determined by PCR amplification. When PCR genotypes were ambiguous, Sept5 protein levels were determined by western blotting after behavioral analysis.
Behavioral analysis
Social interaction. Because previous interactions between littermates in their home cages cannot be controlled and may affect subsequent social interactions during testing, nonlittermate Sept5 WT and KO pairs and WT and HT pairs were age-matched and tested at the age of 1.5 -4 months. Our experimental condition was designed so that nonaggressive, affiliative social interaction was optimally evaluated. Specifically, our experimental procedure did not include prolonged isolation in home cages or establish a resident versus an intruder in the experimental chamber, as both mice were placed in a novel home cage simultaneously. Each mouse was singly placed in a new home cage in the experimental room for 30 min before a pair was placed in a new, third home cage in two 5 min sessions, with a 30 min interval. Social interaction included active and passive forms. Data for the two forms were analyzed separately. Active social interactions included aggressive behaviors (i.e. tail rattle, bites, kicks, sideway offense, boxing, wrestling and pursuit) and non-aggressive, affiliative behaviors (i.e. mounting as part of allogrooming, olfactory investigation and allogroom). Passive interactions included escape, leap, side by side position and submissive posture. Social interaction was recorded and rated by observers blinded to genotype (inter-rater correlation, r ¼ 0.974, P , 0.01). Time spent in active and passive social behaviors was analyzed.
Odorant-induced place avoidance. The apparatus was composed of two home cages (28 Â 17 Â 12 cm), connected side-by-side, as described (56) . A gate (10 Â 11 cm) was placed between the two cages. We used M WT mice (n ¼ 6) and M KO mice (n ¼ 6) at the age of 2 -4 months. A filter paper scented with water or 2-methylbutyric acid (1.7 Â 10 24 mol) was placed in one of the cages, and the amount of time the mouse spent in the other cage was measured for 3 min and used as an index of odor avoidance (57) .
Elevated plus maze. The apparatus and procedure were identical to those described in a previous study (41) . Sept5 WT, HT and KO mice were age-matched and tested at the age of 3 -6 months. Briefly, mice had been brought into a room adjacent to the testing room at least 1 h before testing began. Each mouse was tested on this task only once. Individual mice were placed on the center platform, facing one of the open arms, and tested for 5 min. Behavior was videotaped from an adjacent room through an observation window. An observer blinded to the genotype of mice rated the behavior. We determined the percentage of time spent in and entrances into the open arms with respect to the total time spent in and number of entrances into the open and closed arms, respectively.
Locomotor activity. Spontaneous locomotor activity was tested in four sets of open field apparatus (Truscan, Coulbourn Instruments, PA, USA), as described previously (41) . Sept5 WT, HT and KO mice were age-matched and tested at the age of 3 -5 months. Horizontal activity was recorded for 30 min. Distance traveled (cm) was used as an index of horizontal locomotor activity. Time(s) spent in the marginal area along the walls was used as an index of thigmotaxis.
Tail suspension. The apparatus and the procedure were identical to those described elsewhere (41) . Sept5 WT, HT and KO mice were age-matched and tested at the age of 3 -6 months. Briefly, mice were suspended for 6 min by the tail from a metal bar 30 cm above the platform. Behaviors were recorded by a video camera and a rater blinded to genotype recorded the length of time each mouse remained immobile.
Startle and PPI. Mice were tested for startle response and PPI in a startle chamber (S-R LAB, San Diego Instruments, San Diego, CA, USA). Sept5 WT, HT and KO mice were age-matched and tested at the age of 3-5 months. After mice were placed in the startle chamber, a 65 dB background noise level was presented for a 10 min acclimation period and continued throughout the test session. A PPI test consisted of startle trials (PULSE-ALONE, a 120 dB acoustic stimulus, 40 ms), prepulse trials (PREPULSE þ PULSE) and no-stimulus trials (NOSTIM). The PREPULSE þ PULSE trial consisted of a prepulse (69, 73, 77 and 81 dB with a 65 dB background, 20 ms) followed 100 ms later by the 120 dB pulse. The NOSTIM trial consisted of background noise only (65 dB). Each PPI test began and ended with five presentations of the PULSE-ALONE trial. Each trial type was presented 10 times in a pseudorandom order between these PULSE-ALONE trials. The time between trials was set to average 15 s (12 -30 s) . The amount of PPI was calculated as a percentage score for a prepulse trial: %PPI ¼ 100 2 [[(startle response for PREPULSE þ PULSE)/(startle response for PULSE-ALONE)] Â 100]. Startle magnitude was calculated as the average response to all of the PULSE-ALONE trials, excluding the first and last blocks of five PULSE-ALONE trials. Each session included acclimation for 5 min, followed by 24 blocks of five consecutive presentations of the pulse. The startle magnitude and PPI% were analyzed.
Spontaneous alternation. Spontaneous alternation was tested on a black Plexiglas T-maze. The three arms were identical in size (30 cm long Â 10 cm wide Â 20 cm high wall for each arm) and were connected by a central area (10 Â 10 Â 20 cm). Sept5 WT, HT and KO mice were age-matched and tested at the age of 3 -6 months. Mice were placed in the start compartment facing away from the goal arms and confined there for 5 s before the door was opened. Both goal arms were open. Once mice chose and entered one of the goal arms, a door was gently lowered to confine mice in that arm, and 30 s later, they were removed from the arm. The mice were brought back to the start compartment and the door was opened 5 s later. They were allowed to choose either the goal arm just visited or the opposite goal arm. If a mouse did not make a choice within 2 min on the first trial, the mouse was returned to the start compartment and left there for 30 s before resuming a new trial. If a mouse did not enter the goal arms within 2 min on subsequent trials, it was placed in the correctly alternated arm and confined there for 30 s. Such trials were not used for analysis. A total of 10 trials were given. The percentage of alternated choices was used as an index of spontaneous alternation for analysis.
Rewarded approach. The apparatus used for spontaneous alternation was used. Sept5 KO, HT and WT littermates were age-matched and tested at the age of 3 -7 months. Food deprivation started 2 days prior to testing and reduced body weights up to 86-96% of their free-feeding body.
Although the three-way interaction among genetic background, genotype and day was significant (F 14 Littermates were first introduced together to the T-maze and allowed to explore all the arms for four 4 min sessions, with 10 min between-session intervals. At least 2 h after these habituation sessions, individual mice were allowed to run from the start compartment to one goal arm with the other goal arm blocked by a door (i.e. L-maze) during six trials per day for 6 days. Mice were allowed to spend up to 10 min to complete each trial. The goal arm was baited with sweetened, condensed milk (diluted 50/50 with water) placed in the food well at the end of the arm. Mice were picked up from the goal compartment immediately after it consumed the condensed milk. Each arm was pseudorandomly designated as the goal arm 50% of the cases for each day; the other arm was blocked by a door. The same arm was not chosen as the goal for more than twice in a row. The intertrial interval was set within 10 min. This learning reflects an animal's ability to reach the only available goal faster irrespectively of its spatial location. Latency to the first lick of milk was recorded and used for analysis.
Rewarded alternation. After completion of the 6 days training in rewarded approach, mice were trained for rewarded alternation on six trials per day for 5 days. Food deprivation was effective in reducing body weights during rewarded alternation and mice maintained 88-93% of their free-feeding body. The three-way interaction among genetic background, genotype and day was not significant (F 8,372 ¼ 0.89, n.s.) and the two genetic background groups or the three genotype groups did not differ in body weights (genetic background, F 1,93 ¼ 0.97, n.s.; genotype, F 2,93 ¼ 1.51, n.s.). Both goal arms were baited, but only one arm was pseudorandomly chosen as an open arm and the other goal arm was blocked. Equal numbers of left and right goals were given. During each trial, each mouse was placed in the start compartment and left there for 5 s with a closed door. Each mouse was then allowed to run to the goal arm (i.e. sampling run). After the mouse had been left in the goal arm for approximately 11 s to consume the milk, it was brought back to the start compartment. After the mouse was confined to the start compartment for 5 s, a choice run started. During the choice run, both arms were open, but the previously unvisited arm remained baited and the previously visited arm was left unbaited. Upon choosing one of the goal arms, the mouse was confined there for 11 s before the next trial. The intertrial interval was set within 10 min. The absence of a choice was dealt with in the same way as spontaneous alternation. The numbers of total arm visits and correct visits were recorded. The percentage of correct arm visits (i.e. rewarded alternation) was used for analysis.
Statistical analysis
All data are presented as the mean + standard error of the mean. Statistical significance was determined by ANOVA followed by Newman -Keuls post hoc comparisons. The Student's t-test was used when only two groups were compared. The threshold for significance was set at P , 0.05.
